PATENT ABSTRACTS OF JAPAN 



(ll)Publication number : 2003-283238 

(43) Date of publication of application : 03.10.2003 

KSiSSSSSSSSSSSSSSSSSSS^ 

(51) Int. CI. H01Q 13/08 



(21) Application number 



(22)Date of filing : 



2003- (71)Applicant 
006067 

14.01.2003 (72) Inventor 



MATSUSHITA ELECTRIC 
IND CO LTD 

IWAI HIROSHI 
YAMAM0T0 ATSUSHI 
YAMADA KENICHI 
KAMAEGUCHI SHINJI 



(30) Priority 

Priority 
number : 



2002010572 Priority 

date : 



18.01.2002 Priority 

country : 



JP 



(54) ANTENNA DEVICE, 
ANTENNA DEVICE 



COMMUNICATION DEVICE AND METHOD FOR DESIGNING THE 




fis t is 

M S ! I't 



(57) Abstract : 

PROBLEM TO BE SOLVED: To reduce the height of an antenna device for a 
reduction in thickness of the antenna, in a folding cellular phone of 
PDC (personal digital cellular) type using, e. g. an 800 MHz band for 
communication. 

SOLUTION: The antenna device comprises an antenna element 110 with a 
feeding plate 111, a grounding plate 120 placed opposite to the antenna 
element 110, a short-circuit plate 130 connecting the antenna element 



110 to the grounding plate 120, and a single or a plurality of grounding 
lines 140 having (1) a linear shape, or (2) having a bending or a 
curving shape and being connected to a predetermined position on the 
grounding board 120. 
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CLAIMS 
[Claim(s)] 

[Claim 1] Antenna equipment equipped with the unit or two or more ground 
wire which have a configuration with (l) straight-line configuration 
connected with the short circuit section which connects the antenna 
element which has the electric supply section, the cope plate which 
countered said antenna element and has been arranged, and said antenna 



element and said cope plate in the predetermined location of said cope 
plate, (2) crookedness, or a curve. 

[Claim 2] The cope plate which has an abbreviation rectangle plate 
configuration with the shorter side and long side which countered the 
antenna element which has the electric supply section, and said antenna 
element, and have been arranged, It has the short circuit section which 
connects said antenna element and said cope plate, and the unit or two 
or more ground wire which have the predetermined configuration connected 
to the predetermined location of said cope plate. Said antenna element 
It is antenna equipment which has the shape of abbreviation spiral shape 
which it has been arranged at said shorter side side, and said all or 
some of ground wire was connected to the angle by the side of said 
antenna element of said cope plate, and was formed in the outside of the 
shorter side by the side of said antenna element of the width of face 
below said shorter side. 

[Claim 3] The cope plate which has an abbreviation rectangle plate 
configuration with the shorter side and long side which countered the 
antenna element which has the electric supply section, and said antenna 
element, and have been arranged, It has the short circuit section which 
connects said antenna element and said cope plate, and the unit or two 
or more ground wire which have the predetermined configuration connected 
to the predetermined location of said cope plate. Said antenna element 
It is antenna equipment which has the shape of abbreviation spiral shape 
which it has been arranged at said shorter side side, and the leg to 
which said all or some of ground wire was along the long side of said 
cope plate was connected in the middle of said long side, and was formed 
in the outside of the shorter side by the side of said antenna element 
of the width of face below said shorter side. 

[Claim 4] For said ground wire, the part is [ said cope plate ] antenna 

equipment according to claim 1 with which it is located in the flat 

surface at which it is different from each other at least. 

[Claim 5] Said antenna equipment is antenna equipment according to claim 

4 which is being antenna equipment for using for a cellular phone, and 

located in the side which keeps away from said user' s head in case, as 

for said cope plate, a user' s uses said cellular phone as being located 

in the flat surface which is different from each other. 

[Claim 6] Said ground wire is a grand electrode and antenna equipment 

according to claim 1 communalized. 

[Claim 7] It is antenna equipment according to claim 6 said whose 
antenna equipment is antenna equipment for using for the cellular phone 
which has a camera and/or a receiver and said whose grand electrodes are 



said camera and/or a receiver's grand electrode. 

[Claim 8] Said ground wire is antenna equipment according to claim 1 
constituted as a different member from said cope plate. 
[Claim 9] Said antenna equipment is antenna equipment according to claim 
8 which is antenna equipment for using for the cellular phone which has 
a case, and is constituted as a member stuck on the wall section of said 
case as being constituted as a different member from said cope plate. 
[Claim 10] For said ground wire, the part is [ said antenna element ] 
antenna equipment according to claim 1 with which it does not counter at 
least. 

[Claim 11] Said short circuit section is antenna equipment according to 
claim 1 further equipped with the switching circuit for performing a 
change at the short circuit pin which has two or more short circuit pins 
which corresponded to the predetermined operating frequency, 
respectively, and should inner-use said two or more short circuit pins. 
[Claim 12] Said antenna element is antenna equipment according to claim 
1 which has a predetermined slit. 

[Claim 13] Said ground wire is antenna equipment according to claim 1 
which has a coil and/or a capacitor in the part. 
[Claim 14] Said coil and/or said capacitor are antenna equipment 
according to claim 13 used in order to adjust the electric length of 
said ground wire equivalent. 

[Claim 15] Said ground wire is antenna equipment according to claim 1 
with which it has more than one and said every place line supports the 
predetermined operating frequency, respectively. 

[Claim 16] Said ground wire is antenna equipment according to claim 4 
which has a helical configuration. 

[Claim 17] The communication device equipped with the transmitting means 
for transmitting an electric-wave signal using antenna equipment 
according to claim 1 and said antenna equipment, and the receiving means 
for receiving an electric-wave signal using said antenna equipment. 
[Claim 18] For the 1st case which is antenna equipment for using for a 
cellular phone, and contains said antenna equipment, and said 1st case, 
said antenna equipment is a communication device according to claim 17 
further equipped with the hinge region which connects the 2nd case which 
is different from each other, and said the 1st case and said 2nd case. 
[Claim 19] Predetermined antenna equipment, the 1st case which contains 
said antenna equipment and predetermined substrate, and said 1st case 
are a communication device to which is equipped with the hinge region 
which connects the 2nd case which is different from each other, and said 
the 1st case and said 2nd case, and the gland and said hinge region of 



said substrate are connected electrically. 

[Claim 20] Said electric connection is a communication device according 
to claim 19 currently performed so that one edge of the both ends of 
said hinge region may be connected with the gland of said substrate and 
the other-end section may be opened wide. 

[Claim 21] The antenna equipment design approach of being the antenna 
equipment design approach for antenna equipment according to claim 1, 
and adjusting said predetermined location and/or a predetermined 
configuration based on the predetermined Ruhr. 

[Claim 22] Said ground wire is the antenna equipment design approach 
according to claim 21 of having a coil and/or a capacitor in the part, 
and using said coil and/or said capacitor in order to adjust the 
electric length of said ground wire equivalent. <BR> 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the antenna equipment 
used for a cellular phone etc. , a communication device, and the antenna 
equipment design approach. 
[0002] 

[Description of the Prior Art] The conventional configuration and 
actuation of reverse F antennas (for example, patent reference 1 
reference) are explained mainly referring to drawing 13 which is the 
perspective view of reverse F conventional antennas, and drawing 14 
which is the top view of reverse F conventional antennas first. 
[0003] Reverse F conventional antennas are equipped with the shorting 
bar 130 which connects the antenna element 110 which has the electric 
supply plate 111 which has electric supply performed from the feeding 



point 112, the cope plate 120 which countered the antenna element 110 
and has been arranged, and an antenna element 110 and a cope plate 120. 
[0004] The cope plate 120 has the abbreviation rectangle plate 
configuration where the die length (die length) of a long side is 165mm, 
and the die length (width of face) of a shorter side is 44mm (refer to 
drawing 14 ). 

[0005] In addition, it is the numeric value which is mostly in agreement 
with the overall length at the time of opening the cellular phone of a 
fold-up type 165mm which is the die length of a cope plate 120, and is 
equivalent to lambda/2 which is the one half of the wavelength lambda in 
a 900MHz band. Moreover, H= 4mm (refer to drawing 13 ) which is the 
distance between an antenna element 110 and a cope plate 120 is an 
example of the numeric value demanded as height of an antenna for the 
inclination of thin-shape-izing to build in a cellular phone remarkable 
folding type. 

[0006] Such reverse F conventional antennas have the impedance 
characteristic as shown in drawing 15 (a) which is the Smith chart for 
explaining the property of an input impedance of having expected the 
antenna from the feeding point of reverse F conventional antennas (d= 
13mm), and drawing 15 (b) which is the explanatory view of this VSWR (a 
voltage standing wave ratio, Voltage Standing Wave Ratio). 
[0007] 

[Patent reference 1] The patent No. 1685741 specification [0008] 
[Problem (s) to be Solved by the Invention] However, since reverse F 
conventional antennas mentioned above did not have a frequency range 
used as VSWR<=2 at all (refer to drawing 15 (b)) and were not able to 
take the so-called 50-ohm adjustment, they were very unsuitable for 
utilization. 

[0009] Of course, it is possible by making small distance d of the 
electric supply plate 111 and a shorting bar 130 to realize an impedance 
characteristic as shown in drawing 16 (a) which is the Smith chart for 
explaining the property of an input impedance of having expected the 
antenna from the feeding point of reverse F conventional antennas (d= 
2mm), and drawing 16 (b) which is the explanatory view of this VSWR 
(voltage standing wave ratio). However, although resonance frequency is 
839MHz and the frequency range used as VSWR<=2 is 799-872MHz when 
referred to as d= 2mm, there is only 73MHz bandwidth. For this reason, 
the fractional bandwidth which divided bandwidth by center frequency is 
8. 7% slightly. Even if it builds such reverse F antennas in the 
communication equipment of the PDC (Personal Digital Cellular) method 
which follows, for example, uses a 800MHz band for a communication link, 



17% or more of fractional bandwidth required of the communication link 
by this method is not attained, but full covering of transmission and 
reception is difficult. 

[0010] This invention aims at offering the antenna equipment which can 
realize thin shape-ization of the cellular phone of a fold-up type, a 
communication device, and the antenna equipment design approach in 
consideration of such an above-mentioned conventional technical problem. 
[0011] 

[Means for Solving the Problem] The antenna element in which the 1st 
this invention has the electric supply section (111) (110), The cope 
plate which countered said antenna element (110) and has been arranged 
(120), The short circuit section which connects said antenna element 
(110) and said cope plate (120) (130), It is antenna equipment equipped 
with the unit or two or more ground wire (140) which have a 
configuration with (1) straight-line configuration connected to the 
predetermined location of said cope plate (120), (2) crookedness, or a 
curve. 

[0012] The antenna element in which the 2nd this invention has the 
electric supply section (111) (110), The cope plate which has an 
abbreviation rectangle plate configuration with the shorter side and 
long side which countered said antenna element (110) and have been 
arranged (120), The short circuit section which connects said antenna 
element (110) and said cope plate (120) (130), It has the unit or two or 
more ground wire (150) which have the predetermined configuration 
connected to the predetermined location of said cope plate (120). Said 
antenna element (110) It is arranged at said shorter side side. Said all 
or some of ground wire (150) It is antenna equipment which has the shape 
of abbreviation spiral shape which was connected to the angle by the 
side of said antenna element (110) of said cope plate (120), and was 
formed in the outside of the shorter side by the side of said antenna 
element (110) of the width of face below said shorter side. 
[0013] The antenna element in which the 3rd this invention has the 
electric supply section (111') (110'), The cope plate which has an 
abbreviation rectangle plate configuration with the shorter side and 
long side which countered said antenna element (110') and have been 
arranged (120'), The short circuit section which connects said antenna 
element (110') and said cope plate (120') (130'), It has the unit or two 
or more ground wire (160) which have the predetermined configuration 
connected to the predetermined location of said cope plate (120'). Said 
antenna element (110') It is arranged at said shorter side side. Said 
all or some of ground wire (160) It is antenna equipment which has the 



shape of abbreviation spiral shape which the leg along the long side of 
said cope plate (120' ) was connected in the middle of said long side, 
and was formed in the outside of the shorter side by the side of said 
antenna element (110') of the width of face below said shorter side. 
[0014] the 4th this invention — said ground wire (170) — at least — 
the part — said cope plate (120') — difference — it is antenna 
equipment of the 1st this invention located in a flat surface. 
[0015] antenna equipment for the 5th this invention to use said antenna 
equipment for a cellular phone — it is — said cope plate (120') — 
difference — in case a user uses said cellular phone as being located 
in a flat surface, it is antenna equipment of the 4th this invention 
which is located in the side which keeps away from said user' s head. 
[0016] The 6th this invention is antenna equipment of the 1st this 
invention with which said ground wire (140) is communalized with the 
grand electrode. 

[0017] The 7th this invention is antenna equipment for using said 
antenna equipment for the cellular phone which has a camera (200) and/or 
a receiver, and said grand electrode is antenna equipment of the 6th 
this invention which is said camera (200) and/or a receiver's grand 
electrode. 

[0018] The 8th this invention is antenna equipment of the 1st this 
invention constituted as a member in which said ground wire (140) 
differs from said cope plate (120). 

[0019] Said antenna equipment is antenna equipment for using for the 
cellular phone which has a case, and the 9th this invention is antenna 
equipment of the 8th this invention which is constituted as a member 
stuck on the wall section of said case as being constituted as a 
different member from said cope plate (120). 

[0020] Said ground wire (140) of the 10th this invention is antenna 
equipment of the 1st this invention with which said some of the antenna 
elements (110) do not counter at least. 

[0021] The 11th this invention is antenna equipment of the 1st this 
invention further equipped with the switching circuit (300) for 
performing a change at the short circuit pin (130' , 130") which said 
short circuit section (130' , 130") has two or more short circuit pins 
(130' , 130") which corresponded to the predetermined operating frequency, 
respectively, and should inner-use said two or more short circuit pins 
(130', 130"). 

[0022] The 12th this invention is antenna equipment of the 1st this 
invention with which said antenna element (110) has a predetermined slit 
(S). 



[0023] The 13th this invention is antenna equipment of the 1st this 
invention with which said ground wire (140') has a coil (Ll) and/or a 
capacitor (Cl) in the part. 

[0024] The 14th this invention is antenna equipment of the 13th this 
invention used in order that said coil (Ll) and/or said capacitor (Cl) 
may adjust the electric length of said ground wire (140') equivalent. 
[0025] The 15th this invention is antenna equipment of the 1st this 
invention with which it has two or more said ground wire (170 180), and 
they supports the operating frequency respectively predetermined in said 
every place line (170 180). 

[0026] The 16th this invention is antenna equipment of the 4th this 
invention with which said ground wire (150') has a helical configuration. 
[0027] The 17th this invention is the communication device equipped with 
the transmitting means (2) for transmitting an electric-wave signal 
using the antenna equipment (1) of the 1st this invention, and said 
antenna equipment (1), and the receiving means (3) for receiving an 
electric-wave signal using said antenna equipment (1). 
[0028] the 1st case (2200) which the 18th this invention is antenna 
equipment for using said antenna equipment for a cellular phone, and 
contains said antenna equipment, and said 1st case (2200) — difference 
— it is the communication device of the 17th this invention further 
equipped with the hinge region (2300) which connects a case (2100), and 
said the 2nd case (2200) and said 2nd case (2100). [ 1st ] 
[0029] The 1st case with which the 19th this invention contains 
predetermined antenna equipment, and said antenna equipment and 
predetermined substrate (4220) (4200), said 1st case (4200) — 
difference — with the 2nd case (4100) Having the hinge region (4300) 
which connects said the 1st case (4200) and said 2nd case (4100), the 
gland and said hinge region (4300) of said substrate (4220) are a 
communication device connected electrically. 

[0030] The 20th this invention is a communication device of the 19th 
this invention with which said electric connection is made so that one 
edge of the both ends of said hinge region (4300) may be connected with 
the gland of said substrate (4220) and the other-end section may be 
opened wide. 

[0031] The 21st this invention is the antenna equipment design approach 
for the antenna equipment of the 1st this invention, and is the antenna 
equipment design approach of adjusting said predetermined location 
and/or a predetermined configuration based on the predetermined Ruhr. 
[0032] The 22nd this invention is the antenna equipment design approach 
of the 21st this invention of said ground wire (140') having a coil (Ll) 



and/or a capacitor (Cl) in the part, and using said coil (Ll) and/or 
said capacitor (Cl) in order to adjust the electric length of said 
ground wire equivalent. 
[0033] 

[Embodiment of the Invention] Below, the gestalt of operation concerning 
this invention is explained, referring to a drawing. 

[0034] (Gestalt 1 of operation) The configuration of reverse F antennas 
of the gestalt of this operation is explained, mainly referring to 
drawing 1 which is the perspective view of reverse F antennas of the 
gestalt 1 of operation of this invention first. 

[0035] Reverse F antennas of the gestalt of this operation are equipped 
with the shorting bar 130 which connects electrically the antenna 
element 110 which has the electric supply plate 111 which has electric 
supply performed from the feeding point 112, the cope plate 120 which 
countered the antenna element 110 and has been arranged, and an antenna 
element 110 and a cope plate 120, and the ground wire 140 which has the 
straight-line configuration connected to the predetermined location A of 
a cope plate 120. 

[0036] In addition, a cope plate 120 is equivalent to the cope plate of 
this invention, the electric supply plate 111 corresponds to the 
electric supply section of this invention, and ground wire 140 is [ a 
shorting bar 130 corresponds to the short circuit section of this 
invention, and ] an antenna element 110 corresponds to the antenna 
element of this invention, and equivalent to the ground wire of this 
invention. Moreover, reverse F antennas of the gestalt of this operation 
are equivalent to the antenna equipment of this invention. 
[0037] It becomes, and it is small and the height (namely, distance 
between an antenna element 110 and a cope plate 120) of reverse F 
antennas of the gestalt of this operation can be enough built [ 4mm or ] 
in a thin folding type cellular phone. 

[0038] It explains in more detail about the configuration of reverse F 
antennas of the gestalt of this operation, mainly referring to drawing 2 
which is the top view of reverse F antennas of the gestalt 1 of 
operation of this invention here. 

[0039] A cope plate 120 consists of copper which is a conductive 
ingredient, and has the abbreviation rectangle plate configuration where 
the die length (die length) of a long side is 165mm, and the die length 
(width of face) of a shorter side is 44mm. In addition, as mentioned 
above, it is the numeric value which is mostly in agreement with the 
overall length at the time of opening the cellular phone of a fold-up 
type 165mm which is the die length of a cope plate 120, and is 



equivalent to lambda/2 which is the one half of the wavelength lambda in 
a 900MHz band. 

[0040] An antenna element 110 consists of copper which is a conductive 
ingredient, has the abbreviation rectangle plate configuration where die 
length is 40mm and width of face is 44mm, and is arranged at the shorter 
side side of a cope plate 120. 

[0041] The electric supply plate 111 consists of copper which is a 
conductive ingredient, has the plate configuration with a width of face 
of 1mm, and is electrically connected to the antenna element 110. 
[0042] A shorting bar 130 consists of copper which is a conductive 
ingredient, has the plate configuration with a width of face of 3mm, and 
is electrically connected to the cope plate 120 and the antenna element 
110, respectively. 

[0043] The distance between the electric supply plate 111 and a shorting 
bar 130 is 13mm here. 

[0044] Ground wire 140 consists of copper which is a conductive 
ingredient, has the with a die-length width of face [ 2mm width of face 
of 90mm ] straight-line configuration, and is connected to the 
predetermined location A of 38mm from the shorter side side of the cope 
plate 120 with which the antenna element 110 is arranged. 
[0045] Thus, although reverse F antennas of the gestalt of this 
operation have reverse F conventional antennas ( drawing 13 - 14 
reference) mentioned above and a similar configuration, they are 
characterized by the point equipped with the ground wire 140 which has 
the shape of a straight line connected to the predetermined location A 
of a cope plate 120. 

[0046] Actuation of reverse F antennas of the gestalt of this operation 
is explained mainly referring to drawing 3 (a) which is the Smith chart 
for below explaining the property of an input impedance of having 
expected the antenna from the feeding point of reverse F antennas of the 
gestalt 1 of operation of this invention, and drawing 3 (b) which is the 
explanatory view of this VSWR (voltage standing wave ratio). 
[0047] When electric supply was performed from the feeding point 112, 
reverse F antennas of the gestalt of this operation were operated and 
measurement about frequency characteristics was performed, very good 
frequency characteristics were acquired as shown in drawing 3 (a) - (b). 
[0048] In reverse F antennas of the gestalt of this operation, resonance 
frequency is 900MHz and, specifically, VSWR at this time is 1. 28. 
Moreover, the frequency range used as VSWR<=2 is 829~987MHz. Therefore, 
in reverse F antennas of the gestalt of this operation, bandwidth has no 
less than 158MHz, and fractional bandwidths are 17. 4% and the twice in 



conventional (in addition, as mentioned above, the fractional bandwidth 
required of the communication link by the PDC method was 17% or more). 
[0049] The strange pole exists in the Smith chart of reverse F antennas 
of the gestalt of this operation (refer to drawing 3 (a)), and this 
means that double resonance exists between an antenna element 110 (refer 
to drawing 1 ) and a cope plate 120 (refer to drawing 1 ). That is, a 
broadband property is realized, as a result of fixing the phase and 
amplitude of a particular part of a cope plate 120, the electric length 
of a cope plate 120 changing and the resonance frequency of an antenna 
element 110 and the resonance frequency of a cope plate 120 approaching 
with ground wire 140. 

[0050] In addition, in the gestalt of this operation, since the 
dimension of a cope plate 120 was too large for resonating on a desired 
frequency, the electric merit of a cope plate 120 was shortened 
equivalent using ground wire 140. However, when the dimension of not 
only this but a cope plate is too small for resonating on a desired 
frequency, the electric merit of a cope plate 120 may be lengthened 
equivalent using ground wire 140. 

[0051] Of course, each above-mentioned dimension in the gestalt of this 
operation is an example to the last, and this invention is not limited 
to such a dimension (it is the same also about the gestalt of the 
following operations). 

[0052] (Gestalt 2 of operation) Below, the configuration of reverse F 
antennas of the gestalt of this operation is explained, mainly referring 
to drawing 4 which is the perspective view of reverse F antennas of the 
gestalt 2 of operation of this invention. 

[0053] Reverse F antennas of the gestalt of this operation are equipped 
with the shorting bar 130 which connects electrically the antenna 
element 110 which has the electric supply plate 111, the cope plate 120 
which countered the antenna element 110 and has been arranged, and an 
antenna element 110 and a cope plate 120, and the ground wire 150 which 
has the shape of abbreviation spiral shape with the crookedness 
connected to the predetermined location B of a cope plate 120. 
[0054] In addition, ground wire 150 is equivalent to the ground wire of 
this invention. 

[0055] It explains in more detail about the configuration of reverse F 
antennas of the gestalt of this operation, mainly referring to drawing 5 
which is the top view of reverse F antennas of the gestalt 2 of 
operation of this invention here. 

[0056] Ground wire 150 consists of copper which is a conductive 
ingredient, and is connected to the predetermined location B which is an 



angle by the side of the antenna element 110 of a cope plate 120, and it 
has the shape of abbreviation spiral shape with a line breadth of 2mm 
formed so that the outside of the shorter side by the side of an antenna 
element 110 of width-of-face extent of the shorter side of a cope plate 
120 might not be countered with an antenna element 110. 
[0057] Thus, although reverse F antennas of the gestalt of this 
operation have reverse F antennas ( drawing 1-2 reference) of the 
gestalt 1 of operation mentioned above, and a similar configuration, 
they are characterized by the point equipped with the ground wire 150 
which has the shape of abbreviation spiral shape with the crookedness 
connected to the predetermined location B of a cope plate 120. 
[0058] It explains in more detail about the shape of abbreviation spiral 
shape which has the crookedness in the gestalt of this operation here. 
[0059] Ground wire 150 has the fifth folding point P1-P5 from the first 
crooked at a right angle. In addition, numbering of a folding point 
shall be performed sequentially from a folding point near at the tip of 
ground wire 150 (therefore, the folding point near the predetermined 
location B equivalent to the root of ground wire 150 is the fifth 
folding point P5) . 

[0060] The die length of the part from the tip of ground wire 150 to the 
first folding point PI is about 6mm. The die length of the part from the 
first folding point PI to the second folding point P2 is about 6mm. The 
die length of the part from the second folding point P2 to the third 
folding point P3 is about 40mm. The die length of the part from the 
third folding point P3 to the fourth folding point P4 is about 10mm, the 
die length of the part from the fourth folding point P4 to the fifth 
folding point P5 is about 44mm, and the die length of the part from the 
fifth folding point P5 to the root of ground wire 160 is about 20mm. 
[0061] In addition, the part from the tip of ground wire 150 to the 
first folding point PI, the part from the second folding point P2 to the 
third folding point P3, and the part from the fourth folding point P4 to 
the fifth folding point P5 are almost parallel to the shorter side of a 
cope plate 120. And spacing of the part from the tip of ground wire 150 
to the first folding point PI and the part from the second folding point 
P2 to the third folding point P3 is about 2mm. Moreover, spacing of the 
part from the second folding point P2 to the third folding point P3 and 
the part from the fourth folding point P4 to the fifth folding point P5 
is about 2mm. 

[0062] Moreover, the part from the first folding point PI to the second 
folding point P2, the part from the third folding point P3 to the fourth 
folding point P4, and the part from the fifth folding point P5 to the 



root of ground wire 160 are almost parallel to the long side of a cope 
plate 120. And spacing of the part from the first folding point PI to 
the second folding point P2 and the part from the third folding point P3 
to the fourth folding point P4 is about 36mm. Moreover, spacing of the 
part from the third folding point P3 to the fourth folding point P4 and 
the part from the fifth folding point P5 to the root of ground wire 160 
is about 40mm. 

[0063] Actuation of reverse F antennas of the gestalt of this operation 
is explained mainly referring to drawing 6 (a) which is the Smith chart 
for below explaining the property of an input impedance of having 
expected the antenna from the feeding point of reverse F antennas of the 
gestalt 2 of operation of this invention, and drawing 6 (b) which is the 
explanatory view of this VSWR (voltage standing wave ratio). 
[0064] When electric supply was performed from the feeding point 112, 
reverse F antennas of the gestalt of this operation were operated and 
measurement about frequency characteristics was performed, very good 
frequency characteristics were acquired as shown in drawing 6 (a) - (b). 
[0065] Specifically in reverse F antennas of the gestalt of this 
operation, the frequency range used as VSWR<=2 is 800-965MHz. Therefore, 
in reverse F antennas of the gestalt of this operation, bandwidth has no 
less than 165MHz, and, in addition, a fractional bandwidth is larger 
than the case of 18. 7% and the gestalt 1 of operation mentioned above. 
[0066] It not only can use few tooth spaces effectively, without being 
bulky, but by having the configuration in which ground wire 150 has 
crookedness, the sense of the current which flows ground wire 150 serves 
as hard flow mutually, the current in a distant place community is 
negated, and it can expect the effectiveness that a radiation pattern is 
not confused in addition to the effectiveness of having been explained 
with the gestalt 1 of the above-mentioned operation. 
[0067] In addition, since the dimension of a cope plate 120 was too 
large for resonating on a desired frequency also in the gestalt of this 
operation like the case of the gestalt 1 of operation mentioned above, 
the electric merit of a cope plate 120 was shortened equivalent using 
ground wire 150. However, when the dimension of not only this but a cope 
plate is too small for resonating on a desired frequency, the electric 
merit of a cope plate 120 may be lengthened equivalent using ground wire 
150. 

[0068] (Gestalt 3 of operation) Below, the configuration and actuation 
of reverse F antennas of the gestalt of this operation are explained, 
referring to drawing 7 which is the top view of reverse F antennas of 
the gestalt 3 of operation of this invention. Reverse F antennas of the 



gestalt of this operation are equipped with the ground wire 160 which 
has the shape of abbreviation spiral shape with the crookedness 
connected to the predetermined location C of short circuit pin 130' 
which connects antenna element 110' which has electric supply pin 111', 
cope plate 120' which countered antenna element 110' and has been 
arranged, and antenna element 110' and cope plate 120', and cope plate 
120'. 

[0069] In addition, antenna element 110' corresponds to the antenna 
element of this invention, electric supply pin 111' corresponds to the 
electric supply section of this invention, cope plate 120' corresponds 
to the cope plate of this invention, short circuit pin 130' corresponds 
to the short circuit section of this invention, and ground wire 160 is 
equivalent to the ground wire of this invention. 

[0070] Although reverse F antennas of the gestalt of this operation have 
reverse F antennas ( drawing 4-5 reference) of the gestalt 2 of 
operation mentioned above in this way, and a similar configuration The 
leg 161 along the long side of cope plate 120' is connected to the 
predetermined location C in the middle of a long side, and ground wire 
160 is characterized by the point of having the shape of abbreviation 
spiral shape with the crookedness formed in the outside of the shorter 
side by the side of antenna element 110' of width-of-face extent of the 
shorter side of cope plate 120' . 

[0071] It explains in more detail about the shape of abbreviation spiral 
shape which has the crookedness in the gestalt of this operation here. 
[0072] Ground wire 160 has the folding points P1-P3 crooked at a right 
angle. The point 162 which is a part from the tip of ground wire 160 to 
a folding point PI has die-length D, and the leg 161 which is a part 
from the predetermined location C equivalent to the root of ground wire 
160 to the shorter side of cope plate 120' has die-length L. 
[0073] The overall length of ground wire 160 and the predetermined 
location C can be adjusted, and the resonance frequency of cope plate 
120' can be made to approach the resonance frequency of antenna element 
110' by changing die-length D of the point 162 of ground wire 160, and 
die-length L of the leg 161 (the resonance frequency of antenna element 
110' may be further adjusted by, of course forming a slit (referring to 
drawing 11 ) like the after-mentioned). That is, electromagnetic-field 
association with cope plate 120' and antenna element 110' can be 
controlled, and such parallel resonance can be generated. 
[0074] By adopting the design approach of such antenna equipment, the 
antenna equipment which has the above outstanding properties is 
realizable. 



[0075] about [ that the die length of cope plate 120* is the one half of 
the wavelength lambda in (1) use frequency band ] lambda/2, the case 
(when built in a cellular phone above folding type) of being long, and 
(2) — as for this, especially the thing that it makes cope plate 120' 
small equivalent with extent with which lambda/4 is not filled 
conversely by the overall length of ground wire 160 and accommodation of 
the predetermined location C in being short, or is enlarged is effective. 
[ in addition, ] Of course, the same thing can say also about the 
gestalten 1-2 of this operation mentioned above. 

[0076] (Gestalt 4 of operation) Below, the configuration and actuation 
of reverse F antennas of the gestalt of this operation are explained, 
referring to drawing 8 (b) which is drawing 8 (a) and the side elevation 
which are a top view of reverse F antennas of the gestalt 4 of operation 
of this invention. Reverse F antennas of the gestalt of this operation 
are equipped with the ground wire 170 which has a configuration with the 
crookedness connected to the predetermined location of short circuit pin 
130' which connects antenna element 110' which has electric supply pin 
111', cope plate 120' which countered antenna element 110' and has been 
arranged, and antenna element 110' and cope plate 120', and cope plate 
120' . 

[0077] In addition, ground wire 170 is equivalent to the ground wire of 
this invention. 

[0078] although reverse F antennas of the gestalt of this operation have 
reverse F antennas (refer to drawing 7 ) of the gestalt 3 of operation 
mentioned above in this way, and a similar configuration — ground wire 
170 — cope plate 120' — difference — it is characterized by the point 
(refer to drawing 8 (b)) of being located in a flat surface (in the 
gestalten 1-3 of operation mentioned above, ground wire was located in 
the same flat surface as a cope plate). 

[0079] When reverse F antennas of the gestalt of this operation are 
built in a cellular phone, with antenna element 110', a display is 
arranged about cope plate 120' in the opposite side. Since the side by 
which the display has been arranged hits the side which approaches the 
body at the time of a cellular-phone message, By taking height H' 
(referring to drawing 8 (b)) from cope plate 120', and reducing the 
effect (for example, property degradation resulting from current 
distribution change produced by the contact to a head or a handle part) 
from the body to antenna element 110' Reduction in antenna gain and 
increase of SAR (a specific absorbed fraction, Specific Absorption Rate) 
can be controlled. Of course, the effect (for example, evil to the body 
physiology which a heavy current community does) from antenna element 



110' to the body can also be reduced to coincidence by taking height H' 
(referring to drawing 8 (b)). 

[0080] In addition, in the gestalt of this operation, although ground 
wire 170 was located in the flat surface parallel to cope plate 120', 
not only this but the ground wire 170 should just be located at least in 
the flat surface at which a part of the cope plate 120' is different 
from each other. More specifically, ground wire 170 may be located in 
the flat surface leaned so that it might not become parallel to cope 
plate 120' . In short, ground wire should just be arranged so that a part 
(namely, part to which electromagnetic-field association with the body 
becomes strong) with large electric-field distribution of ground wire 
may separate from the body. 

[0081] (Gestalt 5 of operation) Below, the configuration and actuation 
of reverse F antennas of the gestalt of this operation are explained, 
referring to drawing 9 which is the top view of reverse F antennas of 
the gestalt 5 of operation of this invention. 

[0082] a book — operation — a gestalt — reverse — F — antennas — 
electric supply — a pin — 111 — ' — having — an antenna element — 
110 — ' — an antenna element — 110 — ' — countering — arranging — 
having had — a cope plate — 120 — " — an antenna element — 110 — 

— a cope plate — 120 — " — connecting — a short circuit — a pin — 
130 — ' — a cope plate — 120 — " — predetermined — a location — C 

— ' — connecting — having had — crookedness — having — 
abbreviation — spiral shape — — having — ground wire — 180 — 
having — **** . 

[0083] In addition, ground wire 180 is equivalent to the ground wire of 
this invention. 

[0084] Although reverse F antennas of the gestalt of this operation have 
reverse F antennas (refer to drawing 7 ) of the gestalt 3 of operation 
mentioned above in this way, and a similar configuration The leg 181 to 
which ground wire 180 was along the long side of 120" of cope plates is 
connected to predetermined location C' in the middle of a long side. It 
is characterized by the point of having the shape of abbreviation spiral 
shape with the crookedness formed inside the shorter side by the side of 
antenna element 110' below the width of face of a shorter side of 120" 
of cope plates (ground wire 160 was formed in the outside of the shorter 
side by the side of antenna element 110' in the gestalt 3 of operation 
mentioned above). 

[0085] When reverse F antennas of the gestalt of this operation are 
built in a cellular phone, the outside of the shorter side by the side 
of antenna element 110' hits the side which approaches the body at the 



time of a cellular-phone message. Therefore, reduction in antenna gain 
and increase of SAR can be controlled like the case of the gestalt 4 of 
this operation mentioned above by arranging ground wire 180 inside a 
shorter side, and adjusting ground-wire length so that the peak point of 
a current of flowing that may desert the body (taking into consideration 
current distribution change produced by maintenance with a finger). 
[0086] The gestalten 1-5 of this operation were explained above at the 
detail. 

[0087] In addition, in the gestalt of this operation mentioned above, 
the number of the ground wire of this invention was one. However, the 
ground wire of not only this but this invention may be two, ground wire 
170 (refer to drawing 8 (a) - (b)) and ground wire 180 (refer to drawing 
9 ). In short, the ground wire of this invention may be an unit or 
plural. Since a cope plate resonates with the resonance frequency 
corresponding to each of two or more ground wire by making the every 
place line correspond to a predetermined operating frequency, 
respectively, it can mount in dual band correspondence, the cellular 
phone corresponding to a triple band, etc. , and a broadband property can 
be realized. 

[0088] Moreover, the ground wire of this invention was constituted as a 
member of a cope plate and one in the gestalt of this operation 
mentioned above. However, the ground wire of not only this but this 
invention may consist of another parts as a different member from a cope 
plate. For example, also when cope plate 120' consists of a metal 
chassis, a LCD holder, a substrate, etc. by preparing a connection 
terminal in the predetermined location C of cope plate 120' (referring 
to drawing 7 ), and the end location of the leg 161 (refer to drawing 
7 ) of ground wire 160, respectively, and making these connectable, it 
becomes easy to adjust ground-wire length and a ground-wire connecting 
location. Moreover, (1) ground wire is stuck on the wall section of 
cases, such as a cellular phone, or it also becomes possible to form (2) 
ground wire as a GND pattern on a flexible substrate, a design degree of 
freedom improves, and property dispersion at the time of mass production 
decreases. 

[0089] Moreover, the ground wire of this invention may be communalized 
with the grand electrode (GND). For example, it may be communalized with 
GND of the substrate 201 for cameras for carrying a camera 200, and may 
be communalized with GND of (2) receivers or a voice loudspeaker as the 
ground wire concerning (1) this invention is shown in drawing 10 which 
is the top view of a grand electrode and reverse F communalized antennas. 
Components mark are reducible with communalization with a grand 



electrode. Of course, communalization with a grand electrode may be 
performed using the structure where the lateral slit SI was formed as 
shown in drawing 17 , and You may be carried out using the structure 
where the lateral slit SI and the slit S2 by the side of ground wire 
were formed as shown in drawing 18 , and it may be carried out using the 
structure where the lateral slit SI and the slit S3 by the side of a 
cope plate were formed as shown in drawing 19 . In addition, drawing 17 
is the top view of reverse F antennas with which communalization with a 
grand electrode is performed using the structure where the slit SI of 
the longitudinal direction concerning this invention was formed. Drawing 
18 is the top view of reverse F antennas with which communalization with 
a grand electrode is performed using the structure where the slit SI of 
the longitudinal direction concerning this invention and the slit S2 by 
the side of ground wire were formed. Drawing 19 is the top view of 
reverse F antennas with which communalization with a grand electrode is 
performed using the structure where the slit SI of the longitudinal 
direction concerning this invention and the slit S3 by the side of a 
cope plate were formed. 

[0090] Moreover, the ground wire of this invention had the configuration 
with a straight-line configuration or crookedness in the gestalt of this 
operation mentioned above. However, the ground wire of not only this but 
this invention may have the configuration with an unit or two or more 
curves. For example, a curve may give the ground wire 190 of the antenna 
equipment of the gestalt 1 of this operation, and the antenna equipment 
which has a similar configuration, and 190 ' as shown in drawing 20 (b) 
which is the top view of reverse F antennas which have the configuration 
in which ground-wire 190' concerning drawing 20 (a) which is the top 
view of reverse F antennas which have the configuration in which the 
ground wire 190 concerning this invention has a curve, and this 
invention has a curve. Since it becomes easy to contain to the tooth 
space to which ground wire was restricted, a design degree of freedom 
improves more. Moreover, the ground wire of this invention may have the 
configuration which must have been included in a flat surface like a 
helical configuration. For example, ground-wire 150' of the antenna 
equipment of the gestalt 2 of this operation and the antenna equipment 
which has a similar configuration may have the helical configuration as 
shown in drawing 25 which is the perspective view of reverse F antennas 
with which ground-wire 150' concerning this invention has a helical 
configuration. Since physical occupied volume of a ground-wire part can 
be made small, a design degree of freedom improves more. 
[0091] Moreover, the ground wire of this invention may have the coil 



and/or the capacitor in the part. For example, as shown in drawing 21 
which is the top view of reverse F antennas with which ground-wire 140' 
concerning (1) this invention has a coil LI and a capacitor CI in the 
part By using a coil LI and a capacitor CI for a part of ground-wire 
140' of the antenna equipment of the gestalt 1 of this operation, and 
the antenna equipment which has a similar configuration As shown in 
drawing 24 which may change the electrical characteristics of a cope 
plate and starts (2) this inventions and whose ground wire is the top 
view of reverse F antennas which have a coil L2 and a capacitor C2 in 
the part The electrical characteristics of a cope plate may be changed 
by using a coil L2 and a capacitor C2 for some ground wire of the 
antenna equipment (refer to drawing 17 ) of the gestalt of this 
operation, and the antenna equipment which has a similar configuration. 
Since the inductance of a coil and the capacity of a capacitor can be 
changed and the electric merit of ground wire can be changed, it becomes 
possible to raise a design degree of freedom more by these use 
(originally, although the electric die length of a cope plate is 
adjusted by accommodation of the die length of ground wire, also when 
the die length of ground wire has shifted from the optimum size at the 
time of mass production etc. , the gap can be amended using a coil or a 
capacitor) . 

[0092] Moreover, all may counter with the antenna element, as for an 
antenna element, all do not need to counter, and, as for the ground wire 
of this invention, some of the antenna elements at least do not need to 
counter. 

[0093] Moreover, the antenna element of this invention may have the 
predetermined slit. For example, Slit S may be formed as shown in 
drawing 11 which is the top view of reverse F antennas with which the 
antenna element concerning this invention has the predetermined slit S. 
Since a cope plate resonates with the resonance frequency corresponding 
to each of two or more kinds of paths by preparing a slit and realizing 
two or more kinds of paths on the same antenna element, a broadband 
property is realizable. 

[0094] Moreover, the short circuit section of this invention has two or 
more short circuit pins which corresponded to the predetermined 
operating frequency, respectively, and you may have the switching 
circuit for performing a change at the short circuit pin which should 
inner-use two or more short circuit pins. For example, as shown in 
drawing 12 which is the top view of reverse F antennas with which it had 
the switching circuit for performing a change at the short circuit pin 
by which the short circuit section concerning this invention should have 



and use two or more short circuit pins Short circuit pin 130 other than 
short circuit pin 130' is prepared, the on/off switch circuit 300 may be 
made off at the time of low frequency use, and the flow of diode 301 may 
be changed by setting the on/off switch circuit 300 to ON at the time of 
high frequency use. Since an antenna element resonates with the 
resonance frequency corresponding to each of two or more short circuit 
pins, it can mount in dual band correspondence, the cellular phone 
corresponding to a triple band, etc. , and a broadband property can be 
realized. Of course, you may carry out devising so that a communication 
link on a more important frequency can ensure selection of two or more 
short circuit pins etc. 

[0095] In addition, the antenna equipment 1 of the gestalt of 1 
operation of this invention as shown in drawing 22 which is the block 
diagram of the communication device of the gestalt of 1 operation of 
this invention, The communication device equipped with the digital 
disposal circuit 4 for performing the transmitting means 2 for 
transmitting an electric-wave signal using antenna equipment 1, the 
receiving means 3 for receiving an electric-wave signal using antenna 
equipment 1, and signal processing for performing transmission and 
reception of an electric-wave signal is contained in this invention. 
[0096] Specifically, the communication device of the gestalt of 1 
operation of this invention has the configuration as shown in drawing 23 
(b) which is the side elevation of the communication device of the 
gestalt of 1 operation of drawing 23 (a) which is the top view of the 
communication device of the gestalt of 1 operation of this invention, 
and this invention. 

[0097] That is, the module 1101 is an antenna and really [ liquid 
crystal ] equipped with the built-in antenna 1105 using the antenna 
equipment of the gestalt of 1 operation of this invention prepared in 
the tooth back of a liquid crystal display 1110 and a liquid crystal 
display 1110, the substrate 1106 formed in the inferior surface of 
tongue of a liquid crystal display 1110, and the driver circuit 1107 
established in the tooth back of a substrate 1106. A liquid crystal 
display 1110 consists of frames 1104 which have the horseshoe-shaped 
configuration of the non-conductor which contains the metal reflecting 
plate 1103 formed in the rear-face side of the image display side of the 
body 1102 of a display, and the body 1102 of a display, and the body 
1102 of a display and a reflecting plate 1103, is driven by the driver 
circuit 1107, and displays an image on the image display side of the 
body 1102 of a display. The edge of antenna element section 1105a on a 
rectangle plate is electrically connected with the reflecting plate 1103 



through metal connection 1105c, and antenna element section 1105a 
operates by electric supply from feeding point 1105b on the body 1102 of 
a display and a reflecting plate 1103, and the reflecting plate 1103 
formed in the field which counters. In addition, the 1/0 to feeding 
point 1105b is supplied from the transmitting means and receiving means 
(illustration abbreviation) on a substrate 1106. In addition, when 
direct antenna element section 1105a is prepared in the tooth back of a 
liquid crystal display 1110 and a reflecting plate 1103 and antenna 
element section 1105a are an antenna and really [ liquid crystal ] 
connected by connection 1105c in a module 1101, a reflecting plate 1103 
functions as a ground cope plate of antenna element section 1105a. 
[0098] There is a cellular phone of the folding type which contained 
reverse F antennas of the gestalt of this operation mentioned above to 
the top case or the bottom case as a more concrete example of the 
communication device of this invention. For example, the top case 2100 
which contains the display 2110 as shown in drawing 26 which is the side 
elevation of the cellular phone (the 1) of the folding type which is the 
gestalt of 1 operation of the communication device of this invention, 
The bottom case 2200 which contains the key section 2210, the bottom 
substrate 2220, reverse F antennas (refer to drawing 4 ) of the gestalt 
2 of operation mentioned above, and reverse F antennas 2230 with a 
similar configuration that have ground wire 2231 (illustrated typically), 
A cellular phone equipped with the metal hinge region 2300 which 
connects the top case 2100 and the bottom case 2200 folding type is the 
example of the communication device of this invention. As [ show / in 
drawing 27 which is the side elevation of the cellular phone (the 2) of 
the folding type which is the gestalt of 1 operation of the 
communication device of this invention / moreover, ] Have a display 3110, 
the top substrate 3120, reverse F antennas (refer to drawing 4 ) of the 
gestalt 2 of operation mentioned above, and a similar configuration. The 
top case 3100 which contains reverse F antennas 3130 which have ground 
wire 3131 (illustrated typically), A cellular phone equipped with the 
metal hinge region 3300 which connects the bottom case 3200 which 
contains the key section 3210 and the bottom substrate 3220, and the top 
case 3100 and the bottom case 3200 folding type is the example of the 
communication device of this invention. In addition, the bottom case 
2200 is equivalent to the 1st case of this invention, the top case 2100 
is equivalent to the 2nd case of this invention, the metal hinge region 
2300 is equivalent to the hinge region of this invention, the top case 
3100 is equivalent to the 1st case of this invention, the bottom case 
3200 is equivalent to the 2nd case of this invention, and the metal 



hinge region 3300 is equivalent to the hinge region of this invention. 
[0099] Furthermore, as shown in drawing 28 which is the side elevation 
of the cellular phone (the 3) of the folding type which is the gestalt 
of 1 operation of the communication device of this invention, and 
drawing 29 which is the perspective view of the cellular phone (the 3) 
of the folding type which is the gestalt of 1 operation of the 
communication device of this invention for example Reverse F antennas 
4210 are contained by the bottom case 4200, and the top case 4100 and 
the bottom case 4200 are connected by the metal hinge region 4300. GND 
(gland) and the metal hinge region 4300 of the bottom substrate 4220 
which were contained by the bottom case 4200 may be electrically 
connected by at least one place through the connection component 4400 
(as shown in drawing 29 ). It is desirable to be carried out so that 
only one edge of the both ends of the metal hinge region 4300 may be 
connected with GND of the bottom substrate 4220 and the other-end 
section may be opened wide. Of course, when operating the substrate 
contained by the top case 4100 or the top case 4100 as GND of an antenna, 
GND and the metal hinge region 4300 of a substrate which were contained 
by the top case 4100 or the top case 4100 should just be electrically 
connected by at least one place. In addition, the bottom case 4200 is 
equivalent to the 1st case of this invention, the bottom substrate 4220 
is equivalent to the predetermined substrate of this invention, and the 
metal hinge region 4300 is [ the top case 4100 is equivalent to the 2nd 
case of this invention, and ] reverse F antennas 4210 are equivalent to 
the predetermined antenna equipment of this invention, and equivalent to 
the hinge region of this invention. Since a metal hinge region comes to 
function as some ground wire by doing in this way, reverse F antennas 
4210 may be reverse F antennas which do not have the conventional ground 
wire. Of course, when a cope plate wants to resonate with two or more 
resonance frequency, reverse F antennas of the gestalt of this operation 
mentioned above may be used. In addition, what is necessary is not to 
make directly connection between the connection component 4400 and the 
metal hinge region 4300, for example, to be carried out through capacity, 
and to just be carried out as electric connection in a RF field in short. 
[0100] In addition, the antenna equipment of this invention was reverse 
F antennas in the gestalt of this operation mentioned above. However, 
the antenna equipment of not only this but this invention may be the 
antenna of an unbalance mold. However, it is desirable to use reverse F 
antennas from a viewpoint of broadband-izing and a miniaturization. 
[0101] 

[Effect of the Invention] The 1st this invention can offer reverse F 



antennas with which for example, thin shape-ization was realized. 
[0102] The 2nd this invention can offer reverse F antennas with which 
thin shape-ization was realized more, for example. 

[0103] The 3rd this invention can offer reverse F antennas with which 
thin shape-ization was realized more, for example. 

[0104] The 4th this invention can offer reverse F antennas with which 
reduction in antenna gain and increase of SAR were controlled. 
[0105] The 5th this invention can reduce the effect from the body for 
example, at the time of cellular-phone use, and the effect on the body, 
and can offer reverse F antennas with which reduction in antenna gain 
and increase of SAR were controlled more. 

[0106] The 6th this invention can offer the cellular phone with which 
for example, components mark were reduced. 

[0107] The 7th this invention can perform communalization with GND of a 
receiver or a voice loudspeaker, and can offer the cellular phone with 
which components mark were reduced more. 

[0108] The 8th this invention can offer reverse F antennas with which 

property dispersion at the time of the mass production for example, 

whose design degree of freedom improved was controlled. 

[0109] The 9th this invention can offer the cellular phone with which 

property dispersion at the time of the mass production for example, 

whose design degree of freedom improved was controlled. 

[0110] The 10th this invention can offer reverse F antennas for example, 

whose design degrees of freedom improved. 

[0111] The 11th this invention can offer the cellular phone 
corresponding to the dual band correspondence which has for example, a 
broadband property, or a triple band. 

[0112] The 12th this invention can offer reverse F antennas for example, 
whose design degrees of freedom improved. 

[0113] The 13th this invention can offer reverse F antennas for example, 
whose design degrees of freedom improved. 

[0114] The 14th this invention can offer reverse F antennas whose design 
degrees of freedom improved more, for example. 
[0115] The 15th this invention can offer the cellular phone 
corresponding to the dual band correspondence which has for example, a 
broadband property, or a triple band. 

[0116] The 16th this invention can offer reverse F antennas with which 
reduction in antenna gain and increase of SAR were controlled more. 
[0117] The 17th this invention can offer the cellular phone which has 
the broadband property that for example, thin shape-ization was realized. 
[0118] The 18th this invention can offer the cellular phone of the 



folding type which has the broadband property that for example, thin 
shape-ization was realized. 

[0119] The 19th this invention can offer a cellular phone thin folding 
type. 

[0120] The 20th this invention can offer a cellular phone for example 
more thin folding type. 

[0121] The 21st this invention can offer the design approach of reverse 
F antennas whose degrees of freedom improved. 

[0122] The 22nd this invention can offer the design approach of reverse 
F antennas whose degrees of freedom improved more, for example. 
[0123] This invention has the advantage in which thin shape-ization of a 
cellular phone folding type [ for example, ] is realizable so that 
clearly from the place described above. 

[Translation done. ] 
* NOTICES * 

JP0 and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is the perspective view of reverse F antennas of the 
gestalt 1 of operation of this invention. 

[Drawing 2] It is the top view of reverse F antennas of the gestalt 1 of 
operation of this invention. 

[Drawing 3] (a) It is the Smith chart for explaining the property of an 
input impedance of having expected the antenna from the feeding point of 
reverse F antennas of the gestalt 1 of operation of this invention, 
(b) It is the explanatory view of this VSWR (voltage standing wave 
ratio) . 

[Drawing 4] It is the perspective view of reverse F antennas of the 
gestalt 2 of operation of this invention. 

[Drawing 5] It is the top view of reverse F antennas of the gestalt 2 of 



operation of this invention. 

[Drawing 6] (a) It is the Smith chart for explaining the property of an 
input impedance of having expected the antenna from the feeding point of 
reverse F antennas of the gestalt 2 of operation of this invention, 
(b) It is the explanatory view of this VSWR (voltage standing wave 
ratio) . 

[Drawing 7] It is the top view of reverse F antennas of the gestalt 3 of 
operation of this invention. 

[Drawing 8] (a) It is the top view of reverse F antennas of the gestalt 
4 of operation of this invention. 

(b) It is the side elevation of reverse F antennas of the gestalt 4 of 
operation of this invention. 

[Drawing 9] It is the top view of reverse F antennas of the gestalt 5 of 
operation of this invention. 

[Drawing 10] It is the top view of reverse F antennas with which ground 
wire was communalized with the grand electrode concerning this invention. 
[Drawing 11] It is the top view of reverse F antennas with which an 
antenna element has the predetermined slit S concerning this invention. 
[Drawing 12] It is the top view of reverse F antennas with which it had 
the switching circuit for the short circuit section to perform a change 
at the short circuit pin which has two or more short circuit pins, and 
should be used concerning this invention. 

[Drawing 13] It is the perspective view of reverse F conventional 
antennas. 

[Drawing 14] It is the top view of reverse F conventional antennas. 
[Drawing 15] (a) It is the Smith chart for explaining the property of an 
input impedance of having expected the antenna from the conventional 
reverse F antenna (d= 13mm) feeding point. 

(b) It is the explanatory view of this VSWR (voltage standing wave 
ratio) . 

[Drawing 16] (a) It is the Smith chart for explaining the property of an 
input impedance of having expected the antenna from the conventional 
reverse F antenna (d= 2mm) feeding point. 

(b) It is the explanatory view of this VSWR (voltage standing wave 
ratio) . 

[Drawing 17] It is the top view of reverse F antennas with which 
communalization with a grand electrode is performed using the structure 
where the lateral slit SI was formed concerning this invention. 
[Drawing 18] It is the top view of reverse F antennas with which 
communalization with a grand electrode is performed using the structure 
where the lateral slit SI concerning this invention and the slit S2 by 



the side of ground wire were formed. 

[Drawing 19] It is the top view of reverse F antennas with which 
communalization with a grand electrode is performed using the structure 
where the lateral slit SI concerning this invention and the slit S3 by 
the side of a cope plate were formed. 

[Drawing 20] (a) It is the top view of reverse F antennas which have the 
configuration in which ground wire 190 has a curve concerning this 
invention. 

(b) It is the top view of reverse F antennas which have the 
configuration in which ground-wire 190' has a curve concerning this 
invention. 

[Drawing 21] It is the top view of reverse F antennas with which ground- 
wire 140' has a coil LI and a capacitor CI in the part concerning this 
invention. 

[Drawing 22] It is the block diagram of the communication device of the 
gestalt of 1 operation of this invention. 

[Drawing 23] (a) It is the top view of the communication device of the 
gestalt of 1 operation of this invention. 

(b) It is the side elevation of the communication device of the gestalt 
of 1 operation of this invention. 

[Drawing 24] It is the top view of reverse F antennas concerning this 
invention with which ground wire has a coil L2 and a capacitor C2 in the 
part. 

[Drawing 25] It is the perspective view of reverse F antennas with which 
ground-wire 150' has a helical configuration concerning this invention. 
[Drawing 26] It is the side elevation of the cellular phone (the 1) of 
the folding type which is the gestalt of 1 operation of the 
communication device of this invention. 

[Drawing 27] It is the side elevation of the cellular phone (the 2) of 
the folding type which is the gestalt of 1 operation of the 
communication device of this invention. 

[Drawing 28] It is the side elevation of the cellular phone (the 3) of 
the folding type which is the gestalt of 1 operation of the 
communication device of this invention. 

[Drawing 29] It is the perspective view of the cellular phone (the 3) of 
the folding type which is the gestalt of 1 operation of the 
communication device of this invention. 
[Description of Notations] 

110 Antenna Element 

111 Electric Supply Plate 

112 Feeding Point 



120 Cope Plate 
130 Shorting Bar 
140 Ground Wire 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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trcogp^^^— coJSft^P 2^?)IHOfflMP 3£"C 

ftjjSP 2^^>»=(7)JBft^P 3£-e<£ffl5#££ra<aHtt 
^P4^e>JB5ioBftjfiP s^-eoffls^^coran^, « 

[0 0 6 2] 4fc* H-©BftjSPi*»6>JIS-©Hft/S 
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P 2l£X*(DtV>ftb, S£(Oa*^P3^OT^lM 
P4$W»»^ iSWlft^P5^^il6 0cO 

5 0 ^tt, I-(DiMP l/S^^IMP 2£ 
^offi#£» = £>BftjiSP 3^5>IE^>I*SP4^t 
©»#fc<0lBIBW\ IJlJ3 6mmt^5 e Sfc* ^Hco 
Bftj&P 3)&»fe!PNHOBftj&P 4*^©ffi#£^0>B 
ft;SP 5frbmmi 6 ocoS7C*r*<o$P5>^^HIRS^ 

liff 4 Ommf&^o 
[0 0 6 3] O^ld, *»W©SM|0»«2<DiS!Fr^ 

(a) , ^oiffiVSWR (WEEJBfiEttJt) OKMiat? 
fc6(H6 (b) $:i^:Lt#iL^^b> *^iKtf>7fcfl§ 
(DffiFTV-X^Wlf^^oV^-Ca^-r^o 

[0 0 6 4] 112 ^^^m^rtToT*^^ 

^rtTofc^r^, (H6 (a) - (b) M^SftTV^J: 

[0 0 6 5] AftWKH *II^MFTyrt 
tCjo^T. VSWR^2i^^M*«ifi8 0 0-9 
6 5MHzm Lf:^ot, ^1^1^»F7 
^T-^-lCjo^T, Mi(il6 5MHzt)$)^ tttff* 

[0 0 6 6] 5 0d5BftSrto^«r#*rsr:i: 

let v) y ki^c^fcv^^— *&#»u:fijffl-c# 

[0 0 6 7] ft*3, ttS6Lfc*«S©»«l fcW 

[0068] mM(omm3) o^tc, *^w^*Jfi^> 

3 <om F r ^^^^ffiia-C*) £#)IB Lfca* 

«<^» f r y r t w***3 <t u»fPi-o 

yill' SrttSryftxi^^^MlO' T 

20' Tyft^^/VMIO' ^iSl20' 
££SSM-£M»fcr>'l 3 0' ^ 11120' 0>gf£ 

ffig C t^SfiE S ttfcB ft S: ^Wl:tt5i 

Si6 0 ^^rffi^rv^^o 

[0 0 6 9] r^^^-^i-^ >M 10' 
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[0 0 7 0] ^ioiMFTyfm rcoj;? 

HB) t«»Lfci*«r*UXV^ds, 1116 0^ tt 
S120' <z>S3fll-*6ofcWSB 16 1 £rft32<z>i£ t t , <E>Bf 

[0 0 7 1] r r.T% &mHk<D : J&1&\z&ftZ>m& : bi>i 

[0 0 7 2] JftHl 6 0 jBlft^JffiftSttSJBft^P 
1 ~~P 3 £#LTV^5 0 MUftl 6 0©jfe«^bJBflAP 
l*-e«)«S»-C*S5fe»»l 6 2rt**D*r#L, MUM 
l 6 0O«7EJiiafcSBfjett1lC^biB«l 2 0' COM 

5zz^-ecolfP5)-e*)SWSa5i 6 i h*£l4:#lti*5o 

[0 0 7 3] iil 6 0(7>3fe«SSPl 6 2 0*SD*5J;t; 
PSB51 6 1 <aft£L&£3E-t-£ 9. i»1 6 0 20 

iS«r>ftxi/^yM io' <D#fi«jfi»(c» 
jes-Srsr. 5 (t>*>£A^ oft*}) y 

[0074] ncoji^ftr^^-SsaoRtt^ifefcRffl 

[0 0 7 5] ftjS, 1S12 0' 0>«S*S, (1) ffiffl 
(2) r^i:^^^/ / 4^fc^V^ffi 

ist'^mmvyj&m 1-2 l-c t> , ^cor^^x. 

60 40 

[0076] (mm<Dmm4) os?^ *»«^jtii[© 

?g|84CDiSfrFr^'7 i ^O¥ffiHt?fcSia8 (a) *5j:tf 
jiJffilHT*fo5gI8 (b) ^#11^^^ #H!Ea>^flS 

H^coM^coj^FTV^^tl, ^mt°^l 1 1' 
5T>ftxi/^yMio' T >"r-T^ Is h 

no' tcttfa^xmwztifcmmi 2 0' T>^ 

•J-^l^VMlO' ^16120' ch^^-T^M^ 
tVl30' 1S12 0' (OjJf3£tt«^«8K**tfc 
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[0 0 7 7] fc*3, tfij»l 7 Ote, *«W^fl6H^*H£ 
[0 0 7 8] *il(Z)fl^FTyft(t rcOip 

sflau^:«fifcS:#b'rv>s^ % wii 7 0 tfmwL 1 2 

0' fcHt«JlftS5Fmrtl-ffi«'t-« (8 8 (b) #fi«) 

[0079] *nm<DMm<DmFT>'Ti-i>mftn l m\c 

uyy M l 0' ^liK^ftiJU^^W ^EUSix 

*3V^-CAfrlciE»i-S«^afe*fc«>, ttl2 0' ^ 
bcoi^^H' (HI8 (b) #fig) ^totryrtx^ 

^SAR (JfcftJR^ Specific Absorp 
t i o n Rate) <D*t A*fl]ftW-£ £ £ 3ftS"X?# So 
t>*>6/u. i^£H' (0 8 (b) #fi8) ^^^>r^T% 

AWcMt^ryrt^w^yM io' frbay&m 

[0 0 8 0] 3fe*3, **JSc0^ffi{C^oV^r^, ifcUl 7 

0IM120' ^5pffft¥Brt^ffiaL-Ci/^dS, r 

20' i:riffiS*S 5 Fffirttcffi«L-Cv^tf<tv\ £9 
^fcftfCf*. i&ftl 7 Oiiifil 2 o' fcrisFfffcftb 

feAfffc^WKJMS^St ^A^bWtb 

[0 0 8 1] (*J6<E«ffi5) #«9!tf>3liS© 

[0082] *nn<Di&m<DmF r ^-m, mm^°> 

ill' ^ttsryrtxi/^ yhi 10' r>- 

rt^w^vM 10' tci*MpjL-CE**tt^:ift*l 2 
0' T^^r-r^-u* yMlO' tmfcl 2 0" h 
^ict^M^fcVl 3 0' M12 0* (03f^fi 

§180 ^ ^«x.TV^^ 0 
[0 0 8 3] MB 1 8 0 tt, **W<^it6*ltC*HS 

[0 0 8 4] ^JfecO^fficDi^FTV^^iL ^COJ:^ 
tCgra!LfclltficO^*3^®Fr>^^ (El7#flB) ^ 
WlHLfcfl!riSS:*L-CV^S^ Jfe^l 8 0^, »«i 2 
0 /r Ofii22(-»ofcPSPl 8 1 ^SSO^^^^^fifi 

c ; 20" coSscotsJ&iTo, ry 



13 

T^mi^ is h 1 1 o' m^mm^iM^f^^tifcm 

[0 0 8 5] ^^(OBB^^FT^^^^ffimtSt- 

S A R (Dm A£ffi3frJ-r £ :i:«^o 
[0 0 8 6] J^Lk^l^T tt, #*Jfc 1 ^ 5 (-0 

[0 0 8 7] *5SW^»J6tt> ±*£*x*:#Saft 

i\ TcbzL&, mmi 70 cms 

(a) - (b) #fig) *5J:t/**|l 8 0 (H9#R8) <D 
[0 0 8 8] Sfc, _ha!^nfc**m 

fcifi, ttl2 0' ofSfifC (B7#i) 
lii 6 Otoffllgpi 6 1 (H7#BS) (D**tt«^**X 

1112 0' a^JRv-ir — V, LCD*;^ g« 
«te*^^fffr60rtS«^|,SP»U^f9. (2) i&^^r^ 

[0089] yy^vnm (g 

ND) £*iifb£;h,T^Tt> (1) * 

« w k a*** 5 jam** ^ 9 ^ Km* £ #afls * nfca! f t 
^7200 &mm.-i-z>±#><D#* 9mm^L2 0 1 cogn 

D£*il{b£*i/ri^"Cfc J:^t, (2) u->w<-^(fj*r 
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J: 5 {c«*iPi(7>^ y 5/ K S 1 *5 J:t/S6j»ffiS^^^ y y b 

s 2^m\fhtitcmit^mmvxn^xh^ i Ls m 

fcttTt>J:i/\ tt*5, Hl7l4*»«l^5«*fiI0 
^y^hs l^tt^n^fltiS^fUfflU-r^^^Km* 

1 8 tt**Wlata&»5##lfc<0* y y b s 1 *s £OTt!l*& 

Km«^^*ii<k* s ^ttSafrFT>'^^¥ffiBI"Cfe 
9. El 1 9fi*ISW^36^S«l*lRj^^ y y y s 1*5 J: 
rj**R{B!l^ <OTs y 3/ h S 3 j&SRtt bttfcfltit^lJffl LT 

mx$>z>o 

[0 0 9 0] *55«(0*fiJRH:. _bj£Stb^**J6 

LTV^fc 0 L**U rjxKKfc-f, * 

20 h%.\i£, *»WIC35»36^**1 9 0*s»ft*rfcoJ!Mft* 
#-T5i^FT>'X^(^¥ffiEi"^fe ; 5lll2 0 (a) 
W^d^5*fi<ftl 9 0 r ^*ftSrto^«rWrSjS!F 
T^^^(Z)^Fffi|lI*Cfc5[l 2 0 (b) ir^^tbTV^J: 

ftsryft^MISHo, 190' tc^s^^b 
30 ^ft»i5 0' ^;«^ft^»Fryft 

[0 0 9 1] 4^1, ^icn^/P 
fcf. (1) *Ii»§«»14 0' SP(C=J 

t>£V^U (2) *3SWicd^S> «6lftdS^:(^— 

loryrtgl (0i7#s) ^^b^«fig^^r-r 

C 2^*iJffl-T6r i:icj:«9, »«<DmMWWttSr3E^b* 

50 *-CfcJ:v\ n/f/^y^^y^^yfvW 
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[0 0 9 2] *»w©*ii»r4, ±wfiT>T-r=> 

[0 0 9 3] *3SM^r^^u^ > H*. m 
iKFT^^^^^ffiH-efc^H i i tc^^ttrv^ct 5 

[0 0 9 4] **Wco«»»«:^ ^tti^iiffifen 

FT ^^^CO^F^HI-efe^IlI 1 2{C:^£;ft/0>5 «t b 

3 o' (^MtcM^e 0 ^ l 3 o" asRitb 
[UK 3 0 0%*>k LT^t-K3 0 lCD^ii^t) 

[0 0 9 5] fc*5, *#«<z>— IBl^»«<oa«*«© 
»fi8ia-e*>SBl2 2(:/T^titt^ «t 5*. **93<£>— 40 

iSo»lwryftgii ryrtiii^jffl 

[0 0 9 6] ftttfttctt. #«Wtf>^jfc^«offlft 
5FffiH"t**SH2 3 (a) & &x**im<n—%M<Dte1& 

<om\w&Wi<Dwmmx*foz>m2 3 (b) ic^^tir^s 50 
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[0 0 9 7] -T*t>*>> T>"7^ • IKS—' ^ 

noift jks^ 1110^ s^bt-v^ 

/Kill 0<Z>*ffi^Rlt6jxfc*»M<Z>--3aill«>* 

^or^x^isa^rfij^Lfc^T^T 1 ^- 1105^ 

JSft-x.f -x^W 111 ooTffifcRttbftfcXIEl l 
06^ 3E«l 1 0 eoflfffi^Rltfeix^i K7>r^lHlK 
110 7 £2r«xTV^ 0 ^t^^i^ 1110 
J3, x>f *:/wr#ffr 1 102^ *:7V>r*ft:i 

1 0 2<Z>W«^ffi©KffiffilJ{cK*tbix^J|lt!{<Z>KW 
81103^ ^V^^W^T^l 102 1 

o 3 k&&m^z#mni£<D^<o^vt<ntevz* : %'rz>7 

i-ctotJPtlJ^tt, pUfcfc^-f ^^W** 1 1 0 20 

0 5a 0>*8Btt\ &JR»0>Sajfcg|5 1105c Lt^ 
1 0 3 £««WlC«a*S*X-C*5tU T^T^*^ 
«1 105alt ^V^W^frl 1 0 2*5j;TJ*R#t 

S1103 httfa-rz&ftfcWLtfibthti, R*ME1 l 0 

3±^s>s*&«^ii los bfrtt>(Dj&mK£*)mft~r 

6 Q ft**. *&«^C1 10 5 b^Atoil S«l 1 0 

5 0 ft*5, ryft • JKft— ff^e^^.— /n i o i *s 
i^Ti3\ tt*^-r ;* W ill o^fSlcjlgryr 

10 5 a^RJtfett, g§$cS|5 1 1 0 5 clCt 
otMl 10 3 10 5a irtfSg 

mztiZ^ klc&v^ kjwki i o 3dsr^^-*^« 

110 5a <DT-^mWLt ItlStSo 

[0 0 9 8] ^^(OilfsSgB^J: UT 

i^^^^MtM (wi) ^«iffiig-e*>sig2 6 

£±HlJg# 2100^ 2 2 10, Tfi'JS« 2 2 

2 0, _h5£ vfcmm^mm 2 «ft (ni4# 

fig) t««Lfc»*«rf>o, «2 2 3 1 («*W^BI 
^§jx-Ct^) ^tt6®FTyrt2 2 3 O^riR^i- 
5T(RiJg^: 2 2 0 0 ^ _tHijg{£ 2 1 0 0 t 2 

2 0 0 ^SC^SKt ^S?»2 3 0 0 <^2MS;tfc#f D 

0 ^ojJIWWfS (^co2) coflJffiia-C*)6EI2 

7iC^$tLTV^5<t 9^, f^^T'^ 3110, ±flj 
SS3 12 0, ±iELfc^SSO?gffi2(Z)a?Fr^T-^ 

(194*1) i:S^Lfc«j^^^o, »»3131 (S 

^Kjtcm^^tLTV^^) ^tt^iSF/yft3 130 
SriR«fi-t-S±«lffft:3 10 0^, ^S3 210, TffllJ 
S«3 2 2 0SritZ#ft-r5T{R'Jffi<*3 2 0 0 

3 10 0 ^TfflK*3 2 0 0 i:SrSSC&JUBfc ^^»3 
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coa«3S*<0*ft:«-e*>5. ft S3, TiS#2 2 0 0« 
1 (Offt:!:^ U _Lttltt# 2 10 0 te#3i§ 
^(0»2<Ogft:tC^t/CL, Mlt >-^BR2 3 o ori* 
mW<Z>t V^fflHCfctlSU _h«Jttrt*:3 1 0 0te#«W<£> 
* 1 <0*fWl*tJe U TtJSft3 2 0 Ofi^^(7>^2 

[0 0 9 9] $ P>|£. 

3j4SB|-efeS0 2 9i^StbTV^<t TfllttfM 

2 0 2 1 0aS|fcjfo£ftT*5!K -t«J 
«ff4 10 0 tTMBt£4 2 0 0 ir^&JRKt ^v^4 

3 0 0(Cio T 5K355tuT*3 «9 s Tffilttfr 4 2 0 0 iCJRJft 
Sft;fcTfllJ£«4 2 2 0(DGND (^7>K) 

t >i?&4 3 0 0 ^^SN**^4 4 0 0 ^LTM< 

t h -mmxm^ i-snk £ *u-c ^ -c t> £ ^ aa 2 9 

^Six-cv^J;5lii, A««t>-^»4 3 0 0(©iU«<z> 20 

t3ft«a*UV\ ^^6A,> ±«t*4 10 0*fctt:±<l 
gf£4 10 0 tci(x*^ixfcS«^r yrt^GND L 

rw^?.^(:ii, ±«l»ff4 1 0 o*fcf*_b«« 

#4 10 0{ClRijrt^ttfc:S«(DGND^^JRSb 

4300 ktf'pft< ^ «0f-e«awiiiS§3l*Stbrv^ 

*U£<fcV^) o fFTyft4 2 1 0Wc*»W©iSf 

£^r^^SSW£#J£U T«I3K*4 2 2 o 

«OBft©^^»iCb, T«Kff4 2 0 0H[**W©IB 30 
l^gfWcfcfJSU ±ftfltt#4 1 0 OJi*5SW^f5 2^) 

«fr^»JCU, iSSty^4 3 0 0iiW^ty 
v^^-4 2 10(1 «*o*l»*#U3tev^i!!Fr^^ 

«§*/fc^»frfciffcW:* ±i£bfc*»*<0»«0>i!!F 
T^^-^JfflSix-Cfc iV\ **3, 81^4 4 00 

^juk^^m 300 fc(Dsa*i4, a:sE»^t?^n 

[oioo] ft*;, *|pryrtllii _h^Lfc 

[0101] 
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[0 10 2] * 2 fcfcfcii, cfc«9*Sfb^ 

[0 10 3] JB3©*»Wtt, fc£;ttf> J;t>»Slfc^ 

[0 10 4] *4 0)*»wtt:, Tis*r~rmn 

-tz^t&xz&o 

[0105] m 5<D*mwte, tctx.it, m^nm&m 

[0 106] «6<D*?8«tt, fc£;Ltf, ffifii^ft^HiJ 
[0 10 7] »7©**Wtt, fcfc;ttf, Ui/^/^f 

[0108] I8o«pih fzhz-&, aaw-sss* 5 
[0109] m9(D^mm^ iztftft. KW-a*Kds 

[0 110] mi 0(O**WH ^f+S*S 

[0 1 1 1] mi i<D*mwn. tctx.^ 

[0112]|1 2co*:«Wtt, ^:i:x.fl s^tfgS^ 

[0 113] ^1 3^0111 fctifl Ktt-eafl? 
*S|ft_hLfcii!Fr^^-«r»«i-Sr t*s-e#s. 
[0 114] mi 4 0«PJIi tzktt&, J: »9 ^m-S 

SK^iRi±bfciSfrFr>'v i 't-^tt-r^r fcas-e#5o 

[0 115] mi 5 f'^X.^> j£fflr««F-tt 

[0 1 1 6] mi 6<7)*«Wtt> fcirx.^ TVX-^flJ 

s A R coti^:^ .t^MSnfcfFryrt 

[0 1 1 7] mi 7©*»wwc, fc^x.ji wawba** 



[0 l l 8] mi 8©*38WHt, fc^x:^ 



[0 1 1 9] mi 9^P^l fe^xt^ »^CDW9 
[0 1 2 0] 12 0©#*Mtt, fc^^tf, ct^#M<D 

[0 12 1]S2 1(D*^(t fciill SAKA'm 
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10 12 2] fg2 2(D«PJ{t J:0 § 

[0 12 3] ^±3*-<^<tr^d^W?>^*<J: * 

[mi] ^aw^Kifc^iBiwajFr^^-o*^® 

[HI 3] (a) ^W^jftO^tllOiSfrFrVT 1 ^-^ 
(b) I^IVSWR (mffi^ffi^M:) (DttWia-C*>S 0 

[H5] *5swo^*^iiS2©afrFr^'r^¥ffiia 

[IE 6] (a) *:«KcD*160?gJ8 2<7>3SfrFr^7 L ^^> 

(b) IVSWR («JEE5&HKJfc) ©R«H-e*>5. 
[0 7] ^^<O||JE(D^«3<DiSfrFrv^^(7)^ffi0 

[0 8] (a) *^m<Dmffi i <DMn4<DmFT>'r-t<D 

(b) 4 (Df F r y ft (Dili t 

[0 9] ^w^liifi^lBs^Fr^T-^^spffiia 
[010] «Mitca>a>3, »»^^7^K««i:*ii 
[0ii] *jsh^^5, ryftxi/^fffij 

[012] *5IKtC^^5, ®»ffii&5«ife0>Mil&l^V3: 

^BI»dS«>Lbixfca!Fr^^o5pffiH-e*>So 

[013] se^iSfrFT^^-^aia-e&So 
[0i4] se*^Fr^x^o5p®0-efcs o 

[015] (a) t£3fccDi£FT ( d = 1 3 mm) 

fem&fabTis'r -r^fLik/utixtiJ >\f—tfz/*<Dm 

(b) IrJVSWR (mjBE^ftStit) (ORBHtfcS. 
[016] (a) ^MFTyft (d = 2mm) #& 
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(b) I^VSWR («EE^«E»Jt) ©RW0"e*>So 
[017] *»WI!U6^6, IStfrftcDX JyhSl^R 

[018] *3SW^35^S, «;frft<£>x UybSl^J; 

^ y > K Sffi £ <d * ii { fcj&s ft t> ti 5 ffi F T ^ f (O ¥■ ffi 
10 El-efcSo 

[019] *3SWlCj&»j&»£, **IrI^>^ y^hS 1*5 J; 
OTHlJ- COX yyfS3 J&SRIt bttfcfllat^Jffl It 

^ 9 >- K«« t <D&mik&ftt>ti 5 iS f r ^co^pffi 

[0 2 0] (a) iIl9 0W(S: 

t>o^^*i-^*FT>'7 : -^co^pi0-efc5o 
(b) *3SWl!l*»36*S, iSl9 0' d«j«ft*'t>o»tt 

Sr^r-rsiSfrFT^^^ffiig-cfcSo 

[02 1] *»WJC36»d»5, »»14 0' SfPiC 
20 3>f;n l&iU^^^iJ-c l ^rtt^fFTyTt 

[022] &mw<D-mM<DBn<omiimw<vm}&mx~ 

[02 3] ( a ) 

[0 2 4] *»WfC^d^, »jtftdS-e^>— «tC3>T^L 

2*5j:t> > ^^^^C 2^tt6fFTy7 1 ^-co^F®0 
30 -CfcSo 

[025] »i5o' *«^y*^» 

[026] *&w<Dmmmw<v--nM<oi&mx'&z>9r 9 

[02 7] **WoafllK«^— jll*©«l8"C*>5*r9 

[028] *»w<oa«3s«o— jas<o»«-e*>5*f t» 
g^^r/cogsfimis (^03) <Dwmm-e$>z>o 
[029] *&m<ommmw:v>— mm^mmxh^y) 

40 ^^^^(om^nM (^co3) co#4«0^fc^o 
[«F#<0RW] 

110 T v-f^u^ >- h 

111 j&ms 

112 

12 0 i&ffi 

13 0 M^IS 

14 0 iftilg 
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[0 2 1 



[H!3] 



120 



m- 

130 111 
110 



(a) 



SU.1) 



7R X 



3B 



140 



185 





as a6 a7 as <X9 i 1.1 t2 1.3 i.4 i.5 

HIHft(CaU 
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[HIl 4] 



5] 



3 

130 111 



120 



(a) 



110 



TK 7K 



AO 




S(l.l) 



CD) 



[1112 6] 



2300 



2100 



2110 




2230 
2220 



2210 



2200 



-J 50 



J7S |«tSW 



Fart 1 




as o.6 o.7 ae a9 i i.i 1.2 13 1.4 15 

MttN 
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6] 



[Hi 7] 



[02 41 




S(l,l) 



200 



200 



SI 



Fart 1 





C2 



[02 71 



0.5 a6 a7 OwB a9 1 1.1 12 1.3 .14 15 

AMft (Ob) 



3300 



[118] 



[mi 9i 



200 



200 




SI 




3100 
3120 

3110 
3130 
3131 




-0 



3220 
3210 



3200 



[02 8] 



4300 




4100 



4210 



4220 



4200 
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[tH2 0] 



120 




190 



120 




190' 



[132 1] [02 9] 




(18) 
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